Longitudinal information on human activity patterns is required to perform reliable assessments of chronic exposure to pesticides in nonoccupational settings. As part of a longitudinal, multimedia exposure survey in Maryland, USA, we collected 2521 person -days of information on the frequency of five activities that are potentially important to pesticide exposure in residential settings: preparation of pesticides; application of pesticides; contact with soil on the skin; contact with grass on the skin; and contact with carpet. Logistic regression was used to evaluate the data for variability by time of year, day of week, and several demographic factors. Eight percent of the population reported preparing pesticides on at least one occasion over the year, while 24% of the population applied pesticides at least once. The majority of the population reported contact with soil ( 68% ), grass ( 72% ), and carpet ( 64% ) over the course of a year. Skin contact with soil and grass was found to occur approximately twice as frequently ( p < 0.001 ) in spring and summer periods than in fall and winter periods. Similarly, contact with soil and grass was about 50% ( p < 0.05 ) more likely to occur on weekend days than on weekdays. These results indicate that short -term measurements ( e.g., 1 -day or 1 -week ) of these activities for an individual may not be equivalent to long -term average patterns. We also found that selected demographic characteristics were significant predictors of several of these activities. Thus, some demographic characteristics may be useful in categorizing exposure although it is unlikely that a single short -term measurement will suffice to describe annual average activity or multiple short -term activity periods.
Introduction
Fundamental methods for assessing human exposure to chemical contaminants include personal monitoring, environmental measurements, biomarkers, models, and questionnaires (EPA, 1992 ) . Information on human timeactivity patterns is often required to interpret fully or implement each of these assessment methods. For example, time -activity data may be collected with personal monitoring or biomonitoring data and used to identify important locations or behaviors associated with exposure (Sexton and Ryan, 1987) . Recent U.S. legislation mandates that certain risk assessments consider the potential for exposure from pesticide applications to multiple environmental media ( e.g., vegetation, soil, dust ) in outdoor and indoor residential areas ( e.g., lawns, gardens, floors, and carpets). Dermal exposure to chemical toxicants in soil is an important contributor to estimated health risks posed by hazardous waste sites ( Johnson and Kissel, 1996 ) . The frequency and duration of human contact with such media are components of the dermal exposure pathway ( Zartarian and Lecki, 1998 ) .
Numerous studies of human time -activity patterns have been conducted for use in exposure and risk assessment, some of which contain data on activities that may be related to pesticide exposure ( e.g., Whitmore et al., 1992; Tsang and Klepeis, 1996; Garlock et al., 1999; Robinson and Silvers, 2000 ) . Most of these studies rely upon 24 -h recall or diary methods to collect behavior data for a single day from each respondent (Wallace et al., 1985 (Wallace et al., , 1988 Robinson, 1988; Wiley and Robinson, 1991 ) . Longitudinal data on relevant contact rates are required to perform chronic pesticide exposure and risk assessments, however, few such data are available.
In this paper, we report data on selected activities that are potentially relevant to contact with pesticides in residential settings that were collected as part of a longitudinal exposure survey. Results are presented of statistical analyses designed to assess whether short -term (e.g., 1-day) measures of activity patterns are equivalent to long -term (e.g., 1-year ) patterns. The analyses were designed to investigate temporal and population variability of time -activity data for possible use in environmental exposure, risk, and epidemiological studies.
Methodology
A probability sample of 80 individuals above the age of 6 years was selected from five counties in metropolitan Baltimore, Maryland (Ryan et al., 2000 ) . All participants provided informed consent under protocols approved by an institutional review board. A timeactivity questionnaire was administered to participants in each of six sampling periods ( i.e., cycles ) approximately equally spaced between September, 1995 and September, 1996 . Cycles 1 -6 correspond to: September 21-December 20; January 15 -February 25; February 26 -April 20; April 22 -June 14; June 27 -July 27; and July 29 -September 18, respectively. Cycle 1 was longer than the other cycles because a nine -person pilot phase followed by a field technician debriefing period was conducted over the first few weeks. The exact length of each sampling cycle varied somewhat due to the availability of respondents.
This time -activity questionnaire consisted of 28 questions regarding behaviors and tasks that were considered a priori to be potential determinants of exposure to several classes of contaminants, such as pesticides, volatile organic compounds, polycyclic aromatic hydrocarbons, and heavy metals. Here we report the responses to five queries about activities potentially important for human exposure to pesticides in a residential setting:
1. Did you prepare ( pour, mix ) pesticides, insecticides or herbicides for use today? 2. Did you apply pesticide, insecticides or herbicides today? 3. Did you have soil or dirt from your yard in contact with the skin today? 4. Did you have grass or leaves from your yard in contact with the skin today? 5. Time you spent laying down or sitting on the carpet or rugs at home today (minutes or hours )?
The preparation and application of pesticides is an activity that causes perhaps the greatest exposure to pesticides. Pesticide residue levels on the clothes and skin and in biological fluids of farmer applicators can be hundreds of times higher than the levels found in the general population ( Shealy et al., 1997 ) . The potential importance of soil and /or grass contact with the skin with regard to nonoccupational exposure is evident by the frequent use of pesticides on residential lawns and gardens ( Whitmore et al., 1992 ) . Time spent in contact with carpet may be important for exposure as well because some studies have shown that carpet dust in homes can contain part -permillion levels of various organophosphate and organochlorine pesticides (e.g., Fortmann et al., 1991; Lewis et al., 1994 ) compared to part -per-trillion (ng /m 3 ) levels in air (Whitmore et al., 1992 ) and part -per-billion levels in food (Tomerlin et al., 1993 , Yess et al., 1993 MacIntosh et al., 2001 ) .
Numerical and graphical summaries were prepared to describe the distributions of the data. Temporal variability from the joint effects of cycle and day of week, controlling for individual variability, was determined using logistic regression ( SAS 6.12, SAS Institute, Cary, NC ). All independent variables were binary coded except for HIN, which refers to the respondent identification number (Equation 1 ). The referent variables were Cycle 1 for sampling cycles and Sunday for day of week. Responses to question 5, time laying on carpet or rugs, were transformed to a binary format to fit the logistic regression model ( 0= no contact, 1 =contact ). Differences for contact rates by selected demographic factors including gender, age group, race, geographic stratum, education, and annual household income were evaluated using logistic regression controlling for cycle and day of week. The levels of age were: less than 25, 25 -44, 45-64, and greater than 64 years. The geographic strata were rural, suburban, and urban. Education was divided into three categories based on the highest level of academic achievement: not a high school graduate, high school graduate, and at least a college graduate. Four levels of annual household income were used: less than $20,000; $20,000 -$49,999; $50,000 -$74,999; and greater than $74,999. Male, age less than 25 years, Caucasian, rural, non -high school graduate, and less than $20,000 were the referent variables for gender, age group, race, stratum, education, and household income, respectively.
Results
Demographic characteristics of the 79 study participants from whom activity data were collected are presented in Table 2 . Ninety -two percent of the sample population did not prepare pesticides on any day during the study, while 76% did not apply pesticides on any day. Approximately 5% of the sample population prepared pesticides at least once over the study period and no more than once every 2 weeks, while 23% applied pesticides at the same rate. Contact with soil and grass from the yard was more frequent than preparation Figure 1. Percentage of person -days on which each activity was engaged by cycle.
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or application of pesticides. Sixty -eight percent of the respondents came into contact with soil and 72% contacted grass from their residence on at least one of the reporting days. Approximately 33% of the sample population came into contact with soil at least 1 day every 2 weeks to two times per week. Grass contact occurred at approximately the same rate as soil contact. Approximately 70% of the sample population either did not spend any time on the carpet or spent 15 min or less per day. In contrast, 4% of the respondents reported spending at least 2 h per day in contact with residential carpet. Figure 1 shows the distributions of the percentage of person -days in each cycle on which each activity was engaged. The maximum percentage of person -days on a cycle -specific basis on which pesticides were applied was 3% ( Cycle 5 ). The likelihood of applying pesticides did not differ significantly among cycles or days of the week, except that pesticides were 88% less likely ( p = 0.0483 ) to be applied on Tuesday than on Sunday, the referent day of week (Table 3 ) . Pesticide applications were more than twice as likely to occur during Cycle 5 (p = 0.0628 ) and Cycle 6 (p = 0.1126 ) than Cycle 1; however, the odds were only marginally significant. Soil and grass contact were significantly less likely to occur during Cycle 2 than during Cycle 1 (OR = 0.466, p= 0.0039; OR = 0.267, p =0.0001, respectively ), while they were 2 to 2.5 times more likely to occur during Cycles 4, 5, and 6 ( p< 0.025 ). Carpet contact was significantly ( p< 0.05) less likely to occur in Cycles 2-6 than in Cycle 1. Figure 2 shows the distributions of percentage of persondays on which each activity was engaged by day of week. The likelihood of applying pesticides did not differ significantly among days of the week (Table 3 ). The plots for soil, grass, and carpet contact suggest that people engaged in these activities more often on weekends than Figure 2 . Percentage of person -days on which each activity was engaged by day of week.
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Longitudinal variability of activity patterns during weekdays. The odds ratios for soil and grass contact were significantly less on weekdays than for weekends ( p< 0.05), while the weekday /weekend results for carpet contact were of only marginal significance. The rate at which each activity was engaged by gender is presented in Figure 3 . Skin contact with soil and grass was significantly less likely ( OR = 0.506, p =0.0001; OR =0.528, p =0.0001, respectively ) for women than men, controlling for cycle and day of week. Individuals in the 25-44 year ( soil: OR = 2.916, p =0.0010; grass: OR = 2.114, p= 0.0093 ) and 45-64 year ( soil: OR = 2.608, p =0.0036; grass: OR = 2.399, p =0.0024 ) age groups were more than twice as likely than the those in the under 25 age group to have skin contact with soil and grass (Figure 4 ). In contrast, those in the youngest age group were greater than 70% more likely (p =0.0001 for all age groups ) to spend time in contact with carpet than those in the older age groups.
Results for Caucasian and African American respondents are summarized in Figure 5 ; data from the lone Asian / Pacific Islander participant are not shown and were not included in the analysis. Caucasians were approximately 68% more likely (p = 0.0001 ) than African Americans to contact soil or grass with their skin and 42% (p = 0.0001 ) more likely to spend time in contact with carpet. Results by geographic stratum are presented in Figure 6 and suburban participants were significantly less likely to spend any time on carpet ( OR = 0.667, Longitudinal variability of activity patterns Echols et al.
time laying on carpet than those in the lowest group of annual household income.
Discussion
This study was designed to characterize the frequency with which a stratified random sample of U.S. adults engaged in five activities that are potentially important to human exposure to pesticides. Preparation of pesticides was found to be a relatively rare activity, while application of pesticides was a more common activity. The majority of the population reported contact with soil, grass, and carpet over the course of a year. The longitudinal study design allowed the variability of these activities among seasons and days of the week to be assessed. Skin contact with soil and grass was found to occur approximately twice as frequently in spring and summer ( Cycles 4 and 5) than in fall and winter ( Cycle 1 and Cycle 2 ). Similarly, contact with soil and grass was about 50% more likely to occur on weekend days than on weekdays. These results indicate that short -term measurements (e.g., 1 -day or 1 -week ) of these activities for an individual are unlikely to be equivalent to long -term average patterns. We also found that selected demographic characteristics were significant predictors of several of these activities. Thus, some demographic characteristics may be useful in categorizing exposure although it is unlikely that a single short -term measurement will suffice to describe annual average activity or multiple short -term activity periods. The principal limitation of this analysis is the broad scope of the activity questions and the resulting loss of specificity. Two (preparation and application of pesticides ) of the five questions were directly related to potential pesticide exposure; however, they do not include information on the identity or amount of pesticide used. The remaining three questions are only indirectly related to potential exposure as the surfaces under investigation (soil, grass, and carpet ) may or may not contain pesticide residue. Other details not accounted for in the activity questionnaire that may provide information on exposures to pesticides include the duration of the potential exposure event and the extent of skin contact during the pesticide preparation and application events. Another factor that could be potentially important for human exposure to pesticides in a residential setting is respondent proximity to locations in which another individual used pesticides. Such data may only be available through more targeted investigations. Videotaping offers promise as a relatively unobtrusive method for collecting more detailed activity data as well (Zartarian et al., 1997 ) .
It has been estimated that 85% of the American population maintain an average of three to four pesticide products in their home at any given time and that 82% of U.S. households apply a pesticide at least once each year ( Whitmore et al., 1992 ) . We observed a substantially lower rate of pesticide application in the present study, perhaps due to the different designs (diary versus annual recall) of the two surveys. In a telephone survey across the United States, pesticides were reported to be applied on a larger percentage of person -days during the spring and summer than in any other season, while there was no difference in daily application rates ( Tsang and Klepeis, 1996 ) . In Baltimore, we also found that pesticides were applied more often in the summer than during any other season.
Skin contact rates with soil and grass surfaces were analyzed in various studies. In one study, respondents > 64 years of age had the highest incidence of soil contact, but there was no age difference for grass contact (Tsang and Klepeis, 1996 ) . In contrast, we found that the 25-44 age group had the highest rate of soil contact although the absolute differences among age groups were small. In a national survey conducted by telephone, approximately 20% of those contacted reported contact with soil on the preceding day ( Robinson and Silvers, 2000) , a value comparable to the 15% observed in the present study. The apparent seasonal dependence of soil and grass contact observed in the present study is also reported by other investigators ( Robinson and Silvers, 2000; Wong et al., 2000 ) . Grass contact occurred most frequently on weekend days in the present study, but there was no daily difference in soil contact. Similarly, Robinson and Silvers (2000) did not observe a weekday/weekend difference in soil contact rates in their national survey.
Although there is little information in the literature about time spent lying on carpet, this activity is potentially important in the context of pesticide exposure assessment. Chemicals with low vapor pressure or low polarity, such as many pesticides, partition more to soil and dust than to air, making dust in the home a potential reservoir of persistent insecticides like chlordane ( Roberts et al., 1992 ) . Dust settles on and in carpet and other fixtures in the home and may be resuspended by activity in the home (Thatcher and Layton, 1995) . Many studies have found residues of pesticides in the home and in the carpet (e.g., Fortmann et al., 1991 ) . In Baltimore, we found that although carpet contact rates varied significantly among cycles, Cycles 2-6 varied minimally among each other but significantly from Cycle 1. This could be a ''learning effect'' experienced by the participants with the activity questionnaire. The results also showed that time spent in contact with the carpet was significantly different among people. Sixteen percent of the respondents reported spending at least 1 h a day on carpet, while 36% reported spending no time at all on carpet. Males, people less than 25 years old, Caucasians, those without a high school degree, and individuals in households with annual income greater than $75,000 were found to spend significantly more time on carpet than their counterparts.
An implication of these results is that exposures to pesticides during certain times of the year could be high for different population subgroups. For instance, because the rate of pesticide application is greater during the spring and summer and soil and grass contact rates are also higher during the same time period, pesticide exposure from these media could be greater during these seasons than in the fall and winter. This could lead to higher exposures for the previously identified demographic subgroups, as indicated by the findings of this investigation, who engage in these activities at the greatest rates. Further research that includes environmental and biological measures of pesticide exposure and that is designed to study differential exposure among subpopulations is needed to investigate this hypothesis.
